Background: Regular physical therapy of people with Down syndrome improves the efficiency of such treatment. However, it remains unclear whether a discontinuation of the therapy over the period of summer holiday influences the effects of the therapeutic process. The aim of this study was to evaluate the effect of summer holiday on postural tone and quantitative parameters of body posture (angle of trunk rotation in the transverse plane and the spinal curvatures such as kyphosis or lordosis in the sagittal plane) in young people with Down syndrome.
INTRODUCTION
A genetic disorder caused by chromosome 21, termed Down syndrome, determines a specific psychomotor development in people affected by this congenital malformation. Defects of the cardiovascular, digestive, genitourinary, respiratory and immune systems cause that the development of children with Down syndrome is far from the standards for healthy children (Sadowska et al., 1997) In light of the above facts, patients with Down syndrome should participate in regular and lifelong therapies. However, this is impossible in practice. Therefore, the question arises of which consequences can be expected after discontinuation of the therapeutic process. Such situations naturally occur during holiday periods.
The aim of this study was to evaluate the effect of summer holiday on the level of postural tone and selected parameter of body posture in young people with Down syndrome who participated in a process of neurodevelopmental therapy.
MATERIAL AND METHODS

Participants
A criterion for selection of the place for examination was facilities and organization of the process of physical therapy for young people with Down syndrome. A special care school where young people with Down syndrome are involved in regular (all school year long) neurodevelopmental therapies was selected for the study. The inclusion criterion was moderate intellectual disability (IQ score ranging from 54 to 35 on the Wechsler scale) and age (from 14 to 24 years) (SD=1.703). Young people with additional neurological, orthopaedic and other (than Down syndrome) genetic disorders were excluded. The group of students who met the inclusion criteria was further subdivided into two subgroups (the experimental group and control group). The experimental group was 10 people with Down syndrome and the control group was 11 people with moderate intellectual disability. All the participants and/or their legal guardians gave a written consent to participate in the study. The study also received a positive opinion from the local bioethics committee.
Postural tone
Twenty one characteristics were examined in order to evaluate postural tone according to the description of the postural tone coefficient provided by M. Matyja (2012): -head position: the subject stood in a relaxed position while the researcher evaluated head position and assigned a specific number of points (0 -proper position: nose is not protruding from the vertical line that passes through the upper part of the sternum; 1 -nose protruding, face is not protruding from the vertical line that passes through the sternum, 2 -substantial frontal protrusion) -"head", -shoulder position: the subject stood in a relaxed position while the researcher evaluated shoulder position (0 -proper position: shoulders positioned symmetrically in the frontal plane, whereas the top of the shoulders in the sagittal plane is in the rear part of the neck; 1 -shoulder asymmetric or with slight anterior protrusion, 2-substantial asymmetric anterior protrusion, top of the shoulders in front of the neck outline) -"shoulders", -shoulder blade position: the subject stood in a relaxed position while the researcher evaluated shoulder blade position (0 -shoulder blades form a uniform back plane; 1 -shoulder blades protrude from the back plane to more than one finger, 2 -shoulder blades protrude from the back plane to more than two fingers) -"shoulder blades", -position and shape of the chest: pectus excavatum, the subject stood in a relaxed position while the researcher evaluated chest position (0 -proper chest, the front wall of the chest is the most protruding part, 1 -flattened chest, 2 -flat chest with symptoms of rickets, 3 -pectus excavatum) -"pectus excavatum", -thoracic kyphosis: the subject stood in a relaxed position while the researcher evaluated thoracic kyphosis through assignment of a specific number of points (0 -smooth shape of thoracic kyphosis, 1 -larger thoracic kyphosis, 2 -substantially larger thoracic kyphosis, 3 -established hyperkyphosis) -"hyperkyphosis" -lumbar lordosis: the subject stood in a relaxed position while the researcher evaluated lumbar lordosis (0 -smooth shape of lumbar lordosis, 1 -insignificantly deeper lumbar lordosis, 2 -substantially deeper lumbar lordosis, 3 -established hyperlordosis) -"hyperlordosis", The athetoid tone (PTC-Ateto) was determined for 5 characteristics: pectus excavatum + hyperlordosis + protruding costal margins + hyperextended knees + cervicothoracic junction, according to the following algorithm:
The sum of the standardized value of 5 traits identified in the test reliability 5
Parameters of body posture Evaluation of the angle of trunk rotation (ATR)
Evaluation of the angle of trunk rotation (ATR) was made using the classic Adams test (1882) i.e. during body bend. The researcher applied Bunnell scoliometer to the surface of the back and perpendicularly to the long axis of the spinal column, and the value was read at 3 levels: -in the upper thoracic spine region, with the first 5 vertebrae (Scoliometer angle of trunk rotation -ATR measure upper compensatory curve), -in the region of the main thoracic curve (Scoliometer ATR measure main curve), -in the lumbar spine region (Scoliometer ATR measure lower compensatory curve). Three ATR values were obtained: one in the main curve and two on the compensatory curves (upper and lower) (Bunnell 1984; Kotwicki et al. 2009 ).
Evaluation of anterior and posterior curvatures of the spine -lordosis and kyphosis
Rippstein gravitational goniometer was applied to the pelvis in the plane of the sacrum and the device was zeroed and, in the next step, the device was applied to the thoracolumbar junction (Th 12 region), where lumbar lordosis was evaluated. Next, without detaching the device from the child's back, the device was zeroed and applied to the thoracic kyphosis curvature in the region between Th 1 and Th 3, where the thoracic kyphosis value was read. The last measurement was performed in the region Th4 -interscapular reading (Dobosiewicz et al., 2005) .
Procedures
The examination was repeated. The first measurement was performed in June at the end of the school year, after the period of 10 months of regular neurorehabilitation consistent with the neurodevelopmental concept. In this period, the subjects from both groups were included in the regular neurodevelopmental therapy, one hour a week. The second measurement was performed in September, after the summer holiday, when the subjects from both groups were not involved in the therapy.
Statistical Analysis
Statistica 10.0 software was employed for statistical analysis of the material collected. Nonparametric tests were used. Consistency with normal distribution was verified using the Shapiro-Wilk Wtest, whereas homogeneity of variance was evaluated by means of the Levene's test. The Wilcoxon signedrank test was used as an alternative for the t-test for dependent variables, which allowed for examination of the intraclass variability for pre-test and post-test results. Furthermore, the Spearman's rank correlation coefficient was calculated using the PTC variables and body posture parameters.
RESULTS
Participants
No significant variability was found in the group in terms of distribution of genders and mean variables: mass and age. Variability was found between the groups in terms of body height. Subjects' biometric data for individual groups are contained in the Table 1 .
PTC before and after holiday
Statistical analysis based on the Wilcoxon test did not reveal statistically significant differences in the level of postural tone in the teenagers with Down syndrome between the measurements before ( x =0.36) and after holiday ( The numerical data were transformed into the qualitative data to reflect a type of postural tone (distribution) among people with Down syndrome before and after holiday. These data are illustrated in Fig. 1 .
A mixed type of muscular tone was found in 9 study participants (81.8%) whereas spastic type was observed in 2 participants (18.2%), both before and after holiday. Similarly, the numerical data obtained in young people with intellectual disability before and after holiday were transformed into qualitative data to reflect the type of postural tone (distribution). These data are illustrated in Fig. 2 .
Angle of trunk rotation before and after holiday
Parameters concerning the angle of trunk rotation did not differ statistically significantly during the measurements before and after holiday, neither in the group of young people with Down syndrome nor in the control group (see Tab. 2) (p>0.05).
Spinal curvatures before and after holiday
Statistical analysis based on the Wilcoxon signedrank test demonstrated one significant change (p<0.01**, kyphosis) before and after holiday in the group of young people with Down syndrome. Other parameters did not differ significantly between the measurements before and after holiday. 
Correlations
We found no statistically significant correlations (p>0.05) between PTC and ATR, kyphosis and lordosis. All the relationships obtained ranged from |R|=0.1 do |R|=0.2. Presence of only one statistically significant correlation was found (p<0.05*) between PTC and angle of trunk rotation in the region of the main curve, with R=0.48. This result reflects an average correlation with positive orientation, that is, an increase in the value of one variable is followed by the increase in the other. Therefore, the increase in postural tone coefficient is correlated with the increase in the angle of trunk rotation R.2. This means that the angle of trunk rotation can be increased with reduction in postural tone. 
DISCUSSION
The results obtained in this study represent the first attempt to evaluate postural tone and body posture in people with Down syndrome aged 14 to 24 years after the discontinuation of the therapies during a two-month summer holiday period. The study examined students who had participated in regular physical therapies over the school year. This selection of study participants ensured verification of the parameters of postural tone during a break from school activities, including rehabilitation. The findings of the study demonstrated that postural tone did not significantly change in the group of young people with Down syndrome. However, the result obtained for postural tone coefficient at the level of 0.36 is not a standard for postural tone (Matyja 2012 ). According to the neurodevelopmental concept, this is likely to be caused by several compensations that cause improper body posture. The analysis of the data reveals that the most study participants with Down syndrome (81%) are characterized by a mixed type of postural tone, with disorders occurring in the area of control of individual body parts, including head, shoulder girdle, shoulder blades, thoracic kyphosis, lumbar lordosis, chest, pelvis, hyperextended knees, non-physiological anterior-posterior spinal curvatures and improper functional length of the ischiocrural muscles, iliopsoas muscles, hip adductors, rectus femoris muscle or the pectoral muscle. These compensations are attributable to a reduced postural tone (Matyja 2012 ). The significant correlation shows that the increase in the postural tone coefficients is accompanied by the increase in the angle of main curve rotation. This means that reduced postural tone (higher tone coefficient) causes higher angle of body rotation.
A significant reduction was also found for mean kyphosis in the teenagers with Down syndrome, from 35º to 30º. Interpretation of this finding can be difficult, especially due to the lack of standardized values of kyphosis and lordosis for the people with Down syndrome. The values of kyphosis in people with Down syndrome show a range similar to the values of kyphosis documented for children at the age of 9 to 16 years at a standard intellectual level in a study by ) have demonstrated that body posture disorders are correlated with postural stability. They found a correlation between body posture and postural stability in children at pre-school age. Based on the angle of thoracic kyphosis and lumbar lordosis, the researchers evaluated body posture in the sagittal plane. Analysis of individual parameter found less pronounced kyphosis in 5 girls (8.5%) and 9 boys (19.6%) and more substantial kyphosis in 14 girls (23.7%) and 8 boys (17.4%). Deeper lordosis was observed in 11 girls (18.6%) and 7 boys (15.2%) and more shallow lordosis -in 16 girls (27.1%) and 17 boys (37.0%). Scoliotic posture was found in 5 (4.8%) and scoliosis in 11 (10.6%) study participants, of whom 7 (6.73%) were with left-sided scoliosis. The authors suggested that the increase in the angle of thoracic kyphosis causes the increase in stabilometric parameters in the sagittal plane, both for the examinations with eyes open and eyes closed.
Another problem is a significant change in the range of postural tone after holiday period in study participants from the control group. PTC reduced from the level of 0.40 to 0.37, which represents an improvement in postural tone towards normotonia, i.e. tone without any compensation in body posture. It is remarkable that the analysis of postural tone distribution revealed proportion of the types of postural tone different form the group of young people with Down syndrome. The results show that 70% of the people from the control group are characterized by mixed postural tone, and 30% of them show the spastic type of tone. Based on the results obtained in the study and the fundamentals of the neurodevelopmental concept it can be expected that an improvement in the function of body's antigravity mechanism occurred since the results obtained were similar to the value of postural tone considered as normotonia. Due to the neurorehabilitation programs which were consistent with the neurodevelopmental concept, the effects of therapies may have been "delayed" in all the study participants. Over the school year, the child's brain is involved in education and stimulation with much information from various sensory channels. Children and young people go to school, learn and memorize information at both cognitive and sensory levels. Excess information is likely to cause overload and no learning and therapeutic effects. The time of rest (holiday) from learning stimuli and therapies usually (in practice) results in appearance of the expected effects, which is often observed in the clinical practice. The child's brain, with particular focus on the brain with damages, needs more time for analysis (integration) of information obtained during neurorehabilitation (Korenberg et al., 1994; Sadowska et. al., 2005) .
Another important problem is an improvement in postural tone obtained in the control group, which was not observed in the young people with Down syndrome. This can be explained by the fact that more people in the control group were with spastic compensation compared to the group of young people with Down syndrome. The mixed type of postural tone (dominant in the study participants with Down syndrome) is characterized by a more complex combination of compensation (Matyja 2012) , which may result in more difficulties with rehabilitation. Furthermore, myriads of morphological anomalies (Korenberg et al., 1994; Sadowska et al., 2005) and genetic postural hypotonia (Levy et al., 1976; Rast et al., 1985; Korenberg et al., 1994) have been observed in the brain of a child with Down syndrome. Both problems caused disorders in the function of the antigravity mechanism. On the one hand, dysfunctions of the central nervous system generate disorders in the efficiency of the integration function, leading to a reduction in postural tone, which consequently leads to improper position and response of the child's body. On the other hand, the brain integrates information from dysfunctional body with postural hypotonia improperly (Matyja et al., 2007) , which is also likely to concern the people with Down syndrome.
CONCLUSION
Insignificant differences in the results were found, suggesting an improvement in postural tone and angle of trunk rotation during holiday period in young people with Down syndrome. However, these differences were not statistically significant.
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